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In 1946, McManus (1), utilizing periodic acid and reduced fuchsin, reported
a new technic for the histochemical demonstration of mucoid substances which
take on a red color with this staining method. In 1948, Hotchkiss (2), slightly
modifying McManus's method, used a spot testing technic and determined
which group of substances gave this reaction. Among those compounds which
he tested and found to be positive were muscle and liver glycogen, hyaluronic
acid, gastric mucin, umbilical cord polysaccharides, and glucuronic acid. He
stated that all naturally occurring biologic compounds which, in histologic sec-
tions, stain with this method are in the carbohydrate class.
Periodic acid oxidizes polysaccharides and converts them into high molecular
aldehyde compounds (2). It attacks substances with a 1,2 glycol grouping
(COil—COil—) or those in which OH groups are substituted with amino or
alkylamino groups (3). If such molecules are present, are not diffusible, and are
in sufficient concentration, one can detect them in microscopic sections by the
McManus procedure. The aldehyde groups thus formed react with leucobasic
fuchsin (Schiff's reagent) releasing red fuchsin stain in a manner of the Fuelgen
reaction.
Polysaccharides have been shown through chemical analysis to be present in
rabbit skin (4, 5), monkey's genital skin (4), pig skin (6), and human skin (7, 8).
Wislocki, Bunting and Dempsey (9) claim to have demonstrated histochemically
with toluidine blue, a substance in the normal human dermis which was partially
removed by the action of hyaluronidase.
Employing the method used by McManus, we undertook a study of normal
and diseased human skin previously fixed in aqueous formalin or acetone. We
also subjected fresh and fixed specimens to extractive, enzymatic and other
hydrolytic actions in an attempt to clarify the nature of the materials which
gave the McManus stain.
TECHNIC AND CONTROLS
After applying the McManus stain to fixed specimens, it became evident that
no difference existed between those fixed with formalin and those fixed with
acetone. All the findings recorded in this paper refer to formalin-fixed speci-
mens. In each case control sections were treated with $-amylase previous to the
McManus procedure in order to differentiate glycogen from other polysac-
charides.
Control sections stained only with reduced fuchsin (Schiff's reagent for alde-
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hydes) revealed extremely faint coloring of (a) nuclei of lymphocytic infiltrates,
and (b) smooth muscle bundiles in the dermis. This was the only evidence for
aldehyde compounds occurring naturally in fixed skin specimens. Sections were
also subjected to N HC1 at 20°C. and 30°C. for 10—30 minutes and then treated
with Schiff's reagent. This procedure did not result in increase or change in the
color reaction, thus eliminating the possibility of acetal groups being present.
Therefore, in the McManus histochemical procedure, in which carbohydrate
groups are oxidized to aldehydes, we had to consider only non-duffusible poly-
saccharides in free or combined form as being responsible for the purple-red color.
We shall refer to the red-colored material which remains after removal of gly-
cogen by f3-amylase as "polysaccharides."
Our first objective was to determine if, in addition to glycogen, polysaccharides
could be found in normal human skin by this histochemical technic. Autopsy
and biopsy specimens were selected from the abdomen, face, neck, breast and
upper arm.
FINDINGS IN NORMAL SKIN
The findings were uniform in all cases. There was present at the dermal-epi-
dermal junction a thin, regularly shaped, vivid red band representing a rather
amorphous substance (Fig. ib) (10). Material stained in the same way was found
lining the sebaceous glands, sweat glands and hair follicles (Fig. la). In theperi-
'ndothelial walls of capillaries and the muscular walls of arterioles, arteries and
veins, a similar intense red color was present (Fig. ib, 3a). Diffusely throughout
the collagen bundles a less intense uniform coloring was seen. The cytoplasm
of the mast cells, eosinophils, some fibroblasts and some upper rete cells also
showed this stain. The horny layer of one section contained appreciable amounts
of polysaccharides. It was interesting to note that mucin stains such as %tolui-
dine blue, thionine and mucicarmine did not in any instance show the material
stained by the McManus method at the dermal-epidermal junction or in the
vascular walls.
Having established a base line from the observations of normal skin, we turned
our attention to diseased skin and studied mainly the polysaccharide changes
occurring at the dermal-epidermal junction, vessel walls and collagen bundles.
FINDINGS IN DISEASED SKIN (see Table 1)
A. Miscellaneous diseases with no obvious collagen degeneration
Of the 100 sections stained with the McManus method, 50 were from exposed
regions. These latter, especially in older subjects, showed definite increase of red-
staining polysaccharide in the corium. This change seemed to parallel the in-
crease of acid orcein material which Unna (11) referred to as 'collastin.' In many
sections the two materials could be distinguished if the same section was counter-
stained with the McManus procedure.
Sections from non-exposed areas of skin showed none of this change, with the
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one exception of fibroma simplex where there was some increase of McManus
positive material in the corium.
Fio. 1 (a, 1), c, and d all stained with the McManus procedure). a) Normal skin—the
polysaccharide material is concentrated at the dermal-epidermal junction (j); lining the
hair follicle (h) sebaceous gland (Se), sweat glands (Sw), and in vessel walls (v) (75X).
b) Normal skin—concentration of polysaccharides at the dermal-epidermal jet. (j) arid in
the vessel wall (v) (510X). c) Glycogen granules in hair follicle before treatment with
$ amylase (240X). d) Serial section with (c) showing absence of glycogen granules after
fi amylase treatment (240X).
None of the sections either from exposed or non-exposed areas showed any
significant difference from normal skin in the appearance of the dermal-epidermal
junction or in the vessel walls.
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TABLE 1
Polysaccharide changes in human skin
NO. SHOWING CHANGES IN
NO. OF
CASES Dermal-
Vessels Epidermal Collagen
Junction
A. Diseases of Exposed Surfaces
Squamous Cell Ca 5 0 0 4
Basal Cell Ca 5 0 0 4
Senile Keratosis 7 0 0 2
Verruca Vulgaris 4 0 0 2
Seborrheic Dermatitis 3 0 0 2
Sebaceous Adenoma 4 0 0 2
Seborrheic Keratosis 5 0 0 2
Malignant Melanoma 5 0 0 1
Neurodermatitis 3 0 0 1
Sarcoid 1 0 0 1
Lupus Vulgaris 1 0 0 1
Rosacea 2 0 0 1
Dermatitis (toxic) 3 0 0 1
Xanthoma 2 0 0 1
Tuberculid (Lew.) 1 0 0 1
B. Diseases of Non-exposed Surfaces
Psoriasis 10 0 0 0
Lichin Vidal 5 0 0 0
Hemangioma 2 0 0 0
Lichens Planus 3 0 0 0
Luesli 2 0 0 0
Keloid 1 0 0 0
Ichthyosis Vulgaris 1 0 0 0
Toxic Dermatitis 2 0 0 0
Neurodermatitis 6 0 0 0
Erythema Multiforme 2 0 0 0
Lymphosarcoma 1 0 0 0
Hydradenitis 1 0 0 0
Dermatitis Venenata 2 0 0 0
Fibroma Simplex 3 0 0 2
C. Diseases with Vesicle Formations
Dermatitis Herpetiformis 8 0 0 0
Pemphigus Vulgaris 2 0 0 0
Herpes Zoster 2 0 0 0
D. Diseases Associated with Collagen Degeneration
Chronic Lupus Erythematodes 18 9 11 17
Acute Lupus Erythematodes 8 7 5 5
Dermatomyositis 5 4 4 2
Lichen Scierosus and Atrophicus 9 0 9 7
Poikiloderma (Jacobi) 3 0 0 3
Scieroderma 9 0 0 0
B. Diseases associated with collagen degeneration
Eighteen cases of chronic discoid and disseminate lupus erythematodes were
studied. In these specimens there were three main sites of gross alteration in
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the McManus stain; the vessel walls, the dermal-epidermal junction and the
corium below the subepidermal band. The larger vessels of the deep corium were
involved mainly in acute and sub-acute cases. They showed occlusion of the
Fin. 2 (a is a McManus stain only; b, e, d are stained with MeManus pins hematoxylin).
a) Poiysaeeharide masses in cerium of normal exposed skin (480X). h) Greatly thickened,
irregularly shaped accumulations at the dermal-epidermal jet. in a ease of chronic lupus
erythematodes (400X). c) Changes similar to (b) at the dermal-epidermal jet. and increase
in polysaceharide substance in vessel at (x) in chronic I. erythematodes (400X). e) Derma-
tomvositis showing dermal-epidermal changes in polysaceharide similar to those in lupus
erythematodes (560X).
lumen due to inward projection of polysaccharide masses (Fig. 3b, c). In the
chronic cases the papillary capillaries were the main site of vessel changes and
showed thickening and hyperchromia without much encroachment on the lumen
(Fig. 2c). Changes in the subepidermal band were present in both acute and
chronic cases but were more marked in the latter ones with a wider, more ir-
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regular band of hyperchromic polysaccharide material (Fig. 2b, c). As noted in
Table 1, the increase in the amount of polysaccharide in the corium is most pro-
nounced in the chronic cases. In the acute and sub-acute lesions the corium
changes were more widespread and diffuse when present.
Fin. 3 (a, b, c, d all stained with the McManus procedure). a) Deep vessel of normal skin
(240X). b) Acute lupus erythematodes showing deep vessel with occlusion of the lumen by
polysaccharide material (1020X). c) Subacute lupus erythematodes with occlusion of the
lumen of a deep vessel and increase of polysaccharides in the wall (635X). d) Dermatomyosi-
tis with changes in vessels of mid-corium demonstrating homogenization and hyperchromia
of the vessel walls and perivascular collagen (625X).
The elastic fiber changes, as observed with acid orcein stain were minimal in
the acute cases. In the chronic cases, as reported by Weidman (12), Goeckerman
and Montgomery (13), and Hill and Montgomery (14), there was marked in-
crease of elastin-like material in the corium,
One kidney specimen of acute lupus erythematodes, which exhibited typical
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wire loop changes with hematoxylin and eosin stain, showed the amorphous mass
in the loops to be intensely stained with the McManus procedure (Fig. 4b).'
Fin. 4 (a, h, and d—McManus stain; c—acid orcein stain), a) Lichen sclerosus and atm-
phicus—weakly stained homogeneous mass at (h) and irregular polysaccharide bani at
dermal-epidermal junction with 'stringing down' of material at (s) (290X). b) Acute lupus
erythematodes—glomerulus of kidney with relatively normal appearance above and dis-
eased area below showing massive amounts of polysaceharide material. Note wire loop at
(x) (940X). c) Poikiloderma (Jacobi—loss of elastic tissue in upper corium (240X). d) Poi-
kilodemma (Jacobi)—glnbular deposits of polysaccharides in upper corium (385X).
Skin specimens of five cases of dermalomyosilis, all from females under 12 years
of age, were studied. The vessel changes were confined to the capillaries and
1 McManus, in a study of diseased kidneys, described the coloring of hyalin, glycogen,
amyloid, colloid droplets in tubular epithelium, and granules of the afibrillar cells of the
arterioles with the McManus procedure (15).
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arterioles and consisted of slight thickening of the walls with definite hyper-
chromia and homogenization of the vessel walls and surrounding pericapillary
connective tissue (Fig. 3d). In two cases the material at the dermal junction was
grossly thickened, irregular and hyperchromatic (Fig. 2d). In two of the other
cases, it appeared thicker and more intense in color but regular in outline. In
two cases, in spotty distribution, areas which were previously collagen fibers
showed an intense homogeneous mass with loss of fibrillary structure.
Specimens of nine cases of lichen sclerosus et atrophicus revealed thickening, ir-
regularity, hyperchromia and a "stringing down" of polysaccharide material at
the dermalepidermal junction. In the papillary layer there was present in seven
of the nine cases, a homogeneous mass of weakly stained material (Fig. 4a).
In skin specimens from nine cases of localized and generalized scieroderma,
there was no abnormality observed in the polysaccharide content of the dermal-
epiderma] junction, vessels or corium. Though many damaged vessels were seen,
none of them showed any consistent alteration in the McManus staining.
Three cases of poikiloderma (Jacobi) showed a complete loss of elastic fibers
in the upper corium accompanied by large globules of brilliant pink polysac-
charide material in this area of elastic fiber disappearance (Fig. 4c, d). The
upper corium of all these cases revealed a marked lymphocytic infiltrate. The
picture in one case of sub-acute lupus erythematodes was extremely similar in
appearance to that of poikiloderma (Jacobi).
C. Bullous diseases
The study of bullae of peniphigus, dermatitis herpetiformis, and herpes zoster
showed that the polysaccharide layer of the dermal-epidermal junction remained
on top of the dermis regardless of whether the separation was primarily at the
junction or intra-epidermal. The band was not appreciably altered in color,
thickness or regularity. The eosinophils in pemphigus and dermatitis herpeti-
formis were intensely stained.
D. Psoriasis
Sections of 10 cases of psoriasis revealed dilated capillaries with thickening
of the walls different from those of lupus erythematodes and dermatomyositis
in that there was no increase in the staining intensity of the polysaccharides in
the walls. Psoriasis was easily distinguishable from the psoriasiform lesions of
neurodermatitis in that the capillaries of the latter were collapsed, thin walled,
and showed a tremendous pericapillary edema. In addition, the capillaries of
psoriasis were far more tortuous than those in neurodermatitis. The tortuosity
of the capillaries in psoriasis, as described by Ormsby and Montgomery (16),
was much more conspicuous with the McManus stain than with any other stain.
APPLICATION OF ENZYMATIC, EXTRACTIVE AND OTHER HYDROLYTIC ACTIONS
Having demonstrated the polysaccharide in normal skin and observed its
position and characteristics with the McManus stain, attempts were made to
alter these staining characteristics in vitro.
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As stated before, fl-amylase2 was used to digest glycogen. Large, intense purple
red granules present in acanthotic epidermis, smooth muscles, sweat glands,
sebaceous glands and hair follicles (Fig. ic, d) were identified as glycogen by
their being readily removed with amylase in a M/15 citrate buffer at ph 53 The
polysaccharide at the dermal-epidermal junction, in the vessel walls, smooth
muscle, lining of the sweat glands, sebaceous glands, hair follicles, upper epidermis
and horny layer was unchanged after treatment with $-amylase.4
In order to determine whether the polysaceharide obtained by McManus's
method is hyaluronic acid or a complex containing this polysaccharide, fresh
1—2 mm. wide skin specimens and fixed 6b' sections were treated up to 40 hours
at 37°C. with testicular hyaluronidase.5 The enzyme was used in a concentration
of 1—2 mgm. per cc. in a M/15 citrate buffer (ph 4.6 and 5.6), and in a M/15
phosphate buffer (pH 5.5 and 7). Subsequently the MeManus stain was applied.
There was no evidence that any of the polysaccharides had been altered by the
enzyme.
For testing the activity of the enzyme preparation, human umbilical cord was
used. Fresh specimens and fixed sections of umbilical cord were subjected to
treatment with testicular hyaluronidase. If stained with %toluidine blue, these
specimens showed a gross reduction of the metachromatically stained amorphous
material after treatment with the enzyme as compared with untreated sections.
The same material of the umbilical cord stained vividly with the McManus pro-
cedure and this picture did not change after treatment with the enzyme.
Another control for testing the enzymatic activity of testicular hyaluronidase
was a specimen of circumscribed myxedema. The amorphous material in the
corium of this specimen stained intensely with thionine or % toluidine blue.
This material disappeared after treatment with hyaluronidase.6 Sections of this
specimen of circumscribed myxedema were used for controls in determining the
activity of the hyaluronidase of each vial in both buffer solutions. It is note-
worthy that in this specimen the polysaccharide appearing as a very faint red
material with the McManus stain was not influenced by hyaluronidase. These
observations indicated that the material stained with MeManus's procedure is
not hyaluronic acid.
It has been known since Van Lier's publication in 1909 that fresh corium
treated with half saturated lime water yields appreciable amounts of a glyco-
protein in the extract (7, 8, 18). In further experiments we investigated the possi-
bil ty that this extractable "coriomucoid" (a protein conjugated with poly-
saccharide) is responsible for the coloring by the McManus stain.
2 Supplied through the courtesy of Hhome aud Haas Co.
The occurrence of glycogen at these sites was reported previously by several authors
who used Best's carmine and iodine stains (17a).
It is interesting to note that Ijnna observed that the infrabasal horny layer (below
stratum lucidum) "is rich in glycogea." His observations were based on the use of Best's
and iodoglycerol stains. Our experiments indicate that this infrabasal material is a poly-
saccharide other than glycogen (17b).
Supplied through the courtesy of the Schering Corporation.
6 This finding corroborates the work of Watson and Pearce who found that some of the
material deposited in circumscribed myxedema is hyaluronic acid (6).
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Fresh and fixed specimens were immersed in half saturated lime water up to
40 hours. There was no difference in the McManus stain of extracted and non-
extracted specimens.
Corium from abdominal skin was ground with sand and extracted with half
saturated lime water for 24 hours. The residual fibers were then fixed in formalin
and stained by the McManus method. These were then compared in coloring
with McManus stain to teased collagen fibers of the same original specimen,
which were not ground with sand and not extracted with lime water. The appear-
ance of the two was identical.
Fresh and fixed specimens were subjected to the action of N HC1 at 30°C. and
50°C. for four hours. There was no noticeable alteration in the McManus stained
polysaccharide material, indicating that this treatment did not suffice to hydro-
lyze the substance into diffusible components. More intense hydrolysis ruined
the sections. A biopsy specimen of normal skin from the breast was used for the
artificial production cf a blister by the heat method of Baumberger, Suntzeff
and Cowdry (19). The separated epidermis was left in situ. The specimen was
then fixed in fornialin, sectioned and stained with the McManus procedure. The
polysaccharide band at the dermal-epidermal junction remained attached to the
dermis and was not modified in any way. None of the red staining material ad-
hered to the "feet" of the separated basal cells.
DISCUSSION
The existence of a basement membrane at the dermal-epidermal junction
has long been a debatable question. Some authors have published data indi-
cating its presence (20, 21, 22), and others have disputed its existence (23,24).
None of these authors worked with the McManus stain. Gersh (10), however,
using this method, made a brief comment indicating that such a membrane
exists.7
Applying the McManus stain to normal human skin, we were able to demon-
strate in all specimens a homogeneous, dense band at the dermal-epidermal
junction. This finding indicates that the chemical composition of normal connec-
tive tissue just below the epidermis is different from the chemical composition
of the rest of the corium in as far as this subepidermal band contains a relatively
large amount of polysaccharide material. Whether this band can be called a
"membrane" in a functional sense can not be decided at present. However, the
findings of Percival (25) are remarkable in this respect. He has shown that dye
injected intradermally below the site of a newly formed vesicle, will not appear
in the vesicle fluid although it spreads readily through the dermis. This phe-
nomenon may be explained by the assumption that the band represents a relative
barrier to the diffusion of large particles, a property that the remainder of the
connective tissue does not have. Thus it appears that the term "basement mem-
brane" probably will be applicable to the band visualized by the McManus stain.
We are indebted to Ge:sh and Catchpole for their kind permission to read their manu-
script in which they discuss in greater detail the basemcnt membrane at the dermal-epi-
dermal junction.
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In addition to the subepidermal band in normal human skin, an intense red
coloration was obtained in the walls of blood vessels, in eosinophilic leukocytes,
some fibroblasts, mast cells, in the connective tissue surrounding sebaceous
glands, hair follicles and sweat glands, in the horny layer of one specimen, and
sometimes in the upper rete cells. By treating sections with i3-amylase, it was
rather easy to differentiate glycogen from other polysaccharides. Thus, as this
material was not decomposed by -amylase, it can be concluded that these sites
contain a polysaccharide compound which is not glycogen.
Further steps for clarification of the nature of this material were made by
treating sections with hyaluronidase before applying the specific stain. For all
practical purposes, the intensity of the red stain was not weakened by previous
treatment with hyaluronidase, an indication that the polysaccharide in question
is not hyaluronic acid.8
The red-staining material remains everywhere unchanged after immersion
in half saturated lime water. This procedure extracts a glycoprotein, the corio-
mucoid of Van Lier (18). According to our findings the material visualized by
the McManus stain after 9-amylase treatment is neither glycogen nor an ex-
tractable glycoprotein.
In view of the fact that polysaccharides are believed to be an integral part
of the interfibrillary ground substance of connective tissue and that this is be-
)ieved by some (26, 27) to be the site of change in "collagen diseases," we con-
centrated our studies with the McManus stain on this group of diseases. In acute
and chronic lupus erythematodes and dermatomyositis striking alterations were
observed at the dermal-epidermal junction, in the vessel walls and in the corium.
These changes consisted mainly of increase in amount and intensity of the red
color in these areas. In lichen scierosus et atrophicus the band at the dermal-
epidermal junction was found to be irregular, intense in color, thickened and
exhibiting strings of polysaccharide material extending down into the corium;
the upper corium showed a homogeneous mass of weakly stained material. In
poikiloderma (Jacobi) large globules of intense red staining material were ob-
served in the upper corium in the area where elastic fibers have completely dis-
appeared. Senile skin from exposed surfaces exhibited masses of intense red
staining substance in the corium. In localized and generalized scleroderma, how-
ever, we observed no definite alterations in the McManus stain.
It is difficult to interpret these changes in the histologic picture. It seems im-
probable that apparent increase in the McManus stained material is caused by
the new formation or inflow of polysaccharides. It is more likely that these poiy-
saccharides were present in the same amount in healthy connective tissue and
that they have become demonstrable because of some disintegration process
by which the characteristic 1,2 hydroxyl groups of the polysaccharide were freed.
8 It is as yet impossible to say whether the McManus stained material belongs to the
group of sulfur containing polysaccharides. The intense staining of the mast cell granules
could be interpreted in this sense as these granules contain mucoitin sulfate. However, the
fact that toluidine blue does not stain selectively the subepidermal band or the vessel walls
is a strong argument against this supposition.
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However, there is no evidence available for either this or any other explanation.
Still, the application of the McManus stain has led to an apparent useful differ-
entiation of different connective tissue diseases and made it evident that the
connective tissue disintegration process is similar in lupus erythematodes, derma-
tomyositis, poikiloderma (Jacobi) and lichen sclerosus et atrophicus and different
in scleroderma, at least as far as apparent increase in polysaccharide material is
concerned.
The increase in polysaccharide material in the corium was usually accompanied
by increase in material visualized by elastic staining. Such increase has been
reported by others (12, 13, 14) in a number of degenerative diseases. Unna (11)
interpreted the increase in the elastic-like material to be due to transformation
of collagen into a substance like elastin; he called this product, "Collastin."
However, there is no satisfactory evidence for this view and interpretation of this
phenomenon cannot be given at the present time.
In lesions with vesiele formation in which the separation was at the dermal-
epidermal junction, the polysaccharide band remained unchanged and attached
to the dermis. None of this material was observed to adhere to the "feet" of the
basal cells. Thus it appears that the polysaccharide band does not take part in
blister formation.
SUMMARY
1. The use of the McManus stain for demonstration of polysaccharides in
normal and diseased skin is reported.
2. Normal skin displays with this stain, an intensely colored band at the
dermal-epidermal junction; similar intense reactions are seen in vessel walls,
in mast cells, in some fibroblasts, senile corium from exposed areas, hair follicles,
sebaceous glands, smooth muscle, some upper rete cells and in the horny layer
of a few specimens.
3. In these sites the appearance of the McManus stain remains unchanged
after treatment of the specimens and sections with f3-amylase, hyaluronidase
and half saturated lime water. Thus the material is not glycogen, hyaluronic acid
or an alkali extractable glycoprotein.
4. Skin lesions from patients with lupus erythematodes, dermatomyositis,
lichen sclerosus et atrophicus, and poikiloderma (Jacobi) revealed remarkable
alterations in the appearance of polysaccharide material. Skin specimens of
localized and generalized scieroderma did not show such alterations.
5. The appearance of the capillaries in the papillae of psoriasis show character-
istics with the McManus stain which are easily distinguishable from those in the
papillae of psoriasiform neurodermatitis.
6. The relation of polysaccharides to collagen fibers and the possible existence
of a polysaccharide "basement membrane" are discussed.
7. Sections of vesicles of the lesions of pemphigus, dermatitis herpetiformis
and herpes zoster and blisters produced by experimental heat separation re-
vealed no alteration of the dermal-epidermal polysaccharide "membrane."
POLYSACCUABIDES IN NORMAL AND DISEASED SKIN 49
The authors wish to express their gratitude to Dr. Stephen Rothman for his
kind help and suggestions in preparing the manuscript.
REFERENCES
1. McMAus, J. F. A.: Histological demonstration of mucin after periodic acid. Nature,
158: 202, Aug. 10, 1946.
2. HorenKiss, R. D.: A microchemical reaction resulting in the staining of polysaccharide
structures in fixed tissue preparations. Arch. Biochem., 16: 131, 1948.
3. NICOLET, B. H., AND SHINN, L. A.: The action of periodic acid on alpha amino alcohols.
J. Am. Chem. Soc., 61: 1615, 1939.
4. CHAIN, E., AND DuTmE, E. S.: Identity of hyaluronidase and spreading factor. Brit.
J. Exper. Path., 21: 324, 1940.
5. CLAUDE, ALBERT: "Spreading" properties and mucolytic activity of leech extracts.
Proc. Soc. Exper. Biol. & Med., 43: 684, 1940.
6. MEYER, K., AND CHAFFER, E.: The mucopolysaccharides of skin. J. Biol. Chem., 138:
491, 1941.
7. WATSON, E. M., AND PEARCE, R. H.: The mucopolysaceharide content of the skin in
localized (pretibial) myxedema. Am. J. Clin. Path., 17: 507, 1947.
8. WELLs, G., AND ROTEMAN, S.: To be published.
9. Wisioci, I., BUNTING, H., DEMPSEY, E. W.: Metachromasia in mammalian tissues
and its relationship to mucopolysaccharides. Am. J. Anat., 81: 1, 1947.
10. GEEsE, I.: A protein component of the golgi apparatus. Arch. Path., 47: 99, 1949.
11. IJNNA, P.: Basophiles Kollagen, Kollastin und Kollacin. Monatshefte Für Praktische
Dermatologie, 19: 465, 1894.
12. WEIDMAN, F.: The pathology of the yellowing dermatoses. Arch. Dermat. & Syph.,
24: 954, 1931.
13. GOECKERMAN, W. H., AND MONTGOMERY, H.: Lupus erythematosus. Arch. Dermat. &
Syph., 25: 304, 1932.
14. HILL, W. R., AND MONTGOMERY, H.: Regional changes and changes caused by age in
normal skin. J. Invest. Dermat., 3: 231, 1940.
15. MCMANUS, J. F. A.: The periodic acid routine applied to the kidney. Am. J. Path., 24:
643, 1948.
16. ORMSBY, 0., AND MONTGOMERY, H.: Diseases of the Skin. Lea and Febiger, Philadel-
phia, 1948.
17. Quoted from: Rothman, S., and Schaaf, F.: Chemistry of the Skin, in Jadassohn's
Handbuch d. Haut-u. Geschleschtskr, Vol. 1, Part 2, 1929, a.) p. 271 b.), p. 255.
18. VAN LIER, E. H. B.: Uber Die Interfibrilläre Substanz der Lederhaut Bei Saugetieren.
Zeitschrift. Physiol. Chem., 61: 177, 1909.
19. BAUMBERGER, J. P., SUNTZEFF, V., AND COWDRY, E. V.: Methods for separation of
epidermis from dermis and some physiologic and chemical properties of isolated
epidermis. J. Nat. Cancer Inst., 2:413,1942.
20. HEEXHEIMER, K.: Ueber die Epidermalen Basal Membran. Dermat. Ztschr., 23: 129,
1916.
21. BORN, S.: Zur Frage der Epidermalen Basal Membran., Derniat. Ztschr., 34: 324, 1921.
22. TUBLEY, H. G.: Chemico-histological study of leather manufacture. J. Am. Leather
Chemists Association, 21: 117, 1926.
23. PAUTRIEB, L. M., AND WORINGEB, FR.: Les rapports morphologiques entre l'epiderme
et le derme. Ann. de Dermat. et Syph., 7 serie, 1: 985, 1930.
24. SZODORAY, L.: The structure of the junction of the epidermis and the corium. Arch.
Dermat. & Syph., 23: 920, 1931.
25. PERCIVAL, G. H., AND HANNOY, R. W.: Observations on the structure and formation
of bullae. Brit. J. Dermat. & Syph., 61:41 and 77, (Feb. & March), 1949.
50 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
26. KLEMPERER, P., POLLACK, A. D., AND BOEHE, G.: Pathology of disseminated lupus
erythematosus. Arch. Path., 32: 569, 1941.
27. WAINGER, C. K., AND LEVEK, W. F.: Dermatomyositis. Report of three cases with post
mortem observations. Arch. Dermat. and Syph., 59: 196, 1949.
DISCUSSION
DR. HAMILTON MONTGOMERY: This is a most stimulating and interesting pa-
per. I will have to learn about the McManus stain and the polysaccharide
changes. I still believe that lupus erythematosus, scieroderma and dermatomyosi-
tis should not be confused with each other because, as a rule, they are completely
different and run different courses and respond differently to treatment. I was
very interested in the blood vessel changes presented by Doctor Stoughton.
Collagenous changes, in my experience, do not predominate in the cutaneous
lesions of chronic or disseminated lupus erythematosus nor do vessel changes
predominate. I would like to ask the presenter how many cases of lupus ery-
thematosus were from exposed surfaces where we know there may be merging
of collagen and elastic tissue. In dermatomyositis there is a non-specific reaction
in the skin which bears no resemblance to the diagnostic histologic changes seen
in lupus erythematosus. In dermatomyositis there is parenchymatous degenera-
tion of the muscular areas. In scleroderma of any type there are obliterating
changes in the interstitial arterioles and venules. It is, however, sometimes
necessary to observe a patient a considerable period of time before determining
whether the patient has disseminated lupus erythematosus, scleroderma or
dermatomyositis.
DR. EDWARD D. DELAMATER: I should like to thank Dr. Stoughton for a
beautiful presentation and demonstration of the application of chemical formulas
and clinical problems. I think the main point of emphasis I should like to make is
that this demonstration points up the future redefinition of many diseases that
will be made on the basis of the chemical combinations or other types of sub-
stances at least that are present in different diseases. Yesterday an effort was
made to present the chemical basis for the type being utilized, and it emphasized
the necessity for this; and in answer to Dr. Montgomery's comments, that he
has observed with known technics are fine and valid as far as they go, but the
present and future observations will be based upon modifications of concepts
as they will be established on a chemical basis.
DR. FRED D. WxID&: The pattern, at least, of these abnormal substances
in the skin has, I am sure, been observed in lupus erythematodes by some histo-
pathologists. At the last meeting of the American Academy of Dermatology and
Syphilology in Chicago I made a presentation at the round table conference on
histopathology in which the patterning of certain hyaloid substance along the
basement membrane was similar to what the essayists have shown on the screen.
This was demonstrated by hematoxylin and eosin. I presented it as the first
example that I had encountered of anything that would bear out a fibrinoid
degeneration in the skin that was comparable to what appears in the wire loop
kidney. Since then I have observed it an additional time, and also in a very small
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way in two cases of lichen planus. Accordingly, it would appear that certain
portions of this hyaloid material are demonstrable by hematoxylin and eosin,
whether all of it represents nucleic acid derivatives remains a question. It may
well be that the latter comprises only a portion of it. Incidentally, may I ask
the presenters how many cases of lupus erythematosus they have studied by the
McManus technic, and how many times they were able to demonstrate this
"mucoid" substance in the skin? Of course, this technic reduces the situation to
terms of chemistry and is a valuable addition to the subject.
DR. STEPHEN ROTHMAN: I cannot quite understand why Dr. Montgomery
thought that the presenter wanted to maintain the artificial grouping of "col-
lagen diseases." I could not discover this intention in his presentation. Dr.
Montgomery says that he has not used the McManus stain but he is sure that
there are no such vascular changes in lupus erythematodes as the presenter
found. The point, of course, is that with the new staining method one can see
changes which were never seen before. These changes concern the subepidermal
band and the vessel walls.
DR. RICHARD B. STOUGHTON: Closing Discussion. Previous to our work with
the McManus stain, we investigated the alteration in collagen and elastic fibers
in diseases with collagen degeneration, in senile skin of exposed surfaces and in
normal skin of both exposed and non-exposed surfaces. We worked mainly with
the acid orcein stain. The previous results of Weidman, Goeckerman and Mont-
gomery, and Hill and Montgomery were readily confirmed. Comparing the pic-
tures obtained with acid orcein and the McManus stains respectively, we found
that where there were accumulations of elastin-like material in the corium, there
was an associated increase in the amount of polysaccharides.
In answer to Dr. Weidman's question of how often these polysaccharide
changes were found in lupus erythematodes, we can say that if we consider altera-
tions in the basement membrane and vascular walls, all cases of acute and sub-
acute disseminate lupus erythematodes and over seventy-five per cent of the
cases with chronic lupus erythematodes and showed polysaccharide changes.
These figures, of course, exclude the changes observed in the collagen bundles
because these alterations are not specific and occur occasionally even in normal
exposed skin.
As Dr. Rothman has said, we did not claim that use of this stain is a method
for classifying diseases with collagen degeneration. We feel that the most im-
portant application of the McManus stain is, as Dr. DeLamater has pointed out,
to establish the specific chemical changes in connective tissue degeneration.
